In Morocco, Callosobruchus maculatus (Fab.) (Coleoptera : Bruchidae) causes very important damage on the seeds of stocked Leguminosae ; its control is carried out exclusively by synthetic insecticides which are harmful for both Man and Environment. Pesticides based on plants constitute an alternative solution in the synthetic insecticides. Many studies have focused on improving forms of using plants that enhance and leverage their insecticidal activity (alcoholic and aqueous extracts, essential oils, etc..). In this study, we sought to evaluate the potentialities of the aqueous extract of the roots of Anacyclus pyrethrum (L.) (Asteraceae) against adults, eggs and the emerging of C. maculatus. The tests were carried out on seeds of Cicer arietinum (L.) (Leguminosae) in the temperature of 28.0 ± 2.0°C, photoperiod 12/12 and relating humidity from 70 to 75%.
Introduction
One of the major concerns in the agricultural systems is the progressive replacement of the synthetic pesticides with less polluting, less toxic and less expensive natural substances for a better management of predatory of the agricultural food products. The product insects, mostly the Coleopters, can cause the total loss of a stock 1 . Callosobruchus maculatus (Fab.) (Coleoptera : Bruchidae) is an insect which is principal depredater of dry seeds of many Leguminosae and cereals 2, 3, 4 . The seeds of Leguminosae represent the principal source of proteins in many developing countries. They contain two to three times more proteins than cereals 5 . Unfortunately they undergo considerable losses during storage 6 . Between harvest and consumption, more than 30% of the production is lost 1 . During storage, the insects and especially certain kinds of Coleopters (Bruchidae and Curculionaidae) attack seeds 7, 8, 9, 10 . The Man seeks the useful means to fight against these ravageurs. The chemical fight, following its ease of use, its effectiveness, was the most used method 11 . Among the products used in this method are insecticides such as the organochlorinated, the carbamates, etc. Consequently, the synthetic products used in agriculture has been responsible for polluting most inhabitants, a loss of biodiversity and the depletion of clean water which is necessary for human life 12 . The adverse effects caused by the use of synthetic insecticides on human health, the environment and the high cost oblige farmers to use the traditional techniques of fight 13 . The use of natural insecticidal products, particularly those of vegetable origin, dates back to ancient times 14 . The first natural pesticides used are nicotine, rotenone, pyrethrum, neem, vegetable oils and essential oils.
Morocco has important potentialities in aromatic and medicinal plants 15 . This study seeks to evaluate the potentialities of Anacyclus pyrethrum (L.) roots (Asteraceae) as a botanical insecticide for the protection of Cicer arietinum (L.) (Leguminosae) against C. maculatus, the main pest of Leguminosae stored food.
Results and Discussion
For the aqueous extract, The normal dose D n is 1g10 mL-1 of distilled water. The doses Dn/2 and D2n are respectively 0,5g10 mL-1 of distilled water and 2g10 mL-1 of distilled water. The longevity of C. maculatus varies depending on the dose and sex. The adults of C. maculatus put in contact with the various doses of aqueous extract of A. pyrethrum lived shorter than those in contact with untreated seeds. They have longevity varying from six to seven days, compared with 14 days for the control. The effect of the aqueous extract decreased the survival of the beetles of half compared to the control (Figure 1 ). Table 1) .
The aqueous extract affects the longevity of beetles significantly ; the same was observed at Trialeurodes vaporariorum 16 and in Schistocerca gregaria treated with extracts of two Meliaceae Azadirachta indica (Juss) and Melia voklensii (Gurke) 17 . These results are similar to those of 18 , which showed that the aqueous extracted of leaves of the ricinus Ricinus communis (L.) and the wood of thuja Tetraclinis articulata (Vahl) Mast. decreased the longevity of four Culicidae mosquitos: Culex pipiens (Linne), Aedes caspius (Pallas), Culiseta longiareolata (Aitken) and Anopheles maculipennis (Meigen).
The fecundity depends on the longevity of the females put in contact with seeds treated with various doses of aqueous extract, which decreases itself as the concentration in aqueous extract increases ; that lets suppose that the extract tested exerts a toxic effect. The fecundity of the beetles on chickpea seeds treated with the aqueous extract, with various doses was always lower than these raised on untreated seeds, particularly when the doses increased. The average number of eggs laid varies from 278 to 183 eggs/10 females against 302 eggs with the control (Figure 2 ).
The fecundity of the beetles was significantly affected by the concentration 1g10 mL-1 of distilled water and 2g10 mL-1, while for the concentration 0,5g10 mL-1, there is no effect, it is comparable to that of the control Thus, the aqueous extract of A. pyrethrum reduced fecundity of C. maculatus. Like that was observed by 19 , in the adults of Bemisia tabaci treated by the ethereal and aqueous compounds extracts of Capsicum frutescens (L.). Table 2 . Fecundity of C. maculatus on seeds of C. arietinum treated by different concentrations of aqueous extract of the roots of A. pyrethrum.
The individual answers of the females of the insect are however variable, the coefficients of variation range between 6,46% and 33,81% ( Table 2) .
The fertility of eggs laid by C. maculatus on chickpea seeds passes from 82,93% to 67,31% in the batches treated against 96,36% in the control (Figure 3 ). The individual variability is low; the coefficients of variation range between 0,10% to 10,51% ( Table 3 ). The fertility is relatively influenced by the aqueous extract of A. pyrethrum. These results are in conformity with those of 20 , which shows that aqueous extracts of neem displayed harmful effects on the fertility of certain Diptera. Also, the extract of Peganum harmala in bloom reduced the fertility of the females treated in the imaginale state to the desert locust 21 . The remarkable effect is especially with the number of non-fertile eggs which varies between 11 and 60 and increases with dose ( Figure 3) . The individual variability is average; the coefficients of variation oscillate between 9,09% and 43,58 % (Table 4) . Concerning the fertility and the non-fertile number of eggs, the histograms affected by the same letter do not differ statistically between them. But, by comparing those affected by different letters, the answers are significant.
Thus, the aqueous extract of A. pyrethrum strongly acts on eggs. It decreased the number of fertile eggs and increases the number of non-fertile eggs. The latter remain translucent in the batches treated like those of the control batches, but differ by their desiccated aspect contrary to the control. The same was observed by 22 , in the adults of C. maculatus treated by the extracts of Striga hermonthica.
Concerning the success rate obtained on chickpea seeds treated by the aqueous extract of the roots of A. pyrethrum, the downward staff are lower than those stemming from seeds control. It varies from 95,14% with the control until a value of 45,15% with the dose 2g10 mL-1 of distilled water (Figure 4) . The individual variability is average ; the coefficients of variation pass from 0,72% to 37,39% ( Table 5 ). The success rate is significantly affected, These results are similar to those of 23 , in which it is observed that the extracts of garlic reduce significantly the descendants of Tribolium castaneum and Sitophilus zeamais. Several studies proved that the roots of some plants are endowed with insecticidal properties 24, 25 . The experiments carried out show that the aqueous extract of A. pyrethrum roots decreased longevity, fecundity, fertility and success rate of the beetles in the three doses compared to the negative control. So, it exerts a negative effect on these insects. The reduction in these parameters would be the fact of the early death of the beetles. These results are in conformity with those of 24, 25 , in which it is observed that the garlic extract respectively causes the mortality of the various stages of Bemisia argentifolii and of Myzus persicae. These results are similar to those of 18 , which showed that the aqueous extracts of leaves of the ricinus Ricinus communis (L.) and the wood of thuja Tetraclinis articulata (Vahl) Mast. present a significant insecticidal activity on the larvae of four Culicidae mosquitos: Culex pipiens (Linne), Aedes caspius (Pallas), Culiseta longiareolata (Aitken) and Anopheles maculipennis (Meigen).
Analysis and Identification of the compounds of the extracts of A. Pyrethrum
The analysis of the chemical composition of the essential oil or the hydrolat is realized by CPG coupled with the mass spectrometry. The identification of the compounds of the essential oil or the hydrolat is based on the comparison of their retention index (IR) on columns, determined with regard to the retention index of a range standard of alkanes; with those of the reference compounds. The chemical analysis of the essential oil allowed to identify 29 compounds (Table 6 ). It is necessary to note that there is a predominance of sesquiterpenoides compounds (88%) of which the majority, these are sesquiterpenols. 27 , A. pyrethrum is known for its insecticidal properties. This activity would be due to the richness of this plant in pyrethrins. These results are similar to those described by Glynne-Jones 28 , who showed that pyrethrum of Dalmatie is already included in most lists of approved organic insecticides in the world with these pyrethrins. Similar results were reported by Rabezandrina 29 , who affirmed that pyrethrins act by contact on all kinds of insects (caterpillar, coleopter, fly, mosquito, bug, etc.) by causing their fast paralysis ; and that the total safety of pyrethrins for the man and the animals make the best produced to treat stored foodstuffs.
Conclusion
C. maculatus is the main pest of Leguminosae stored food. In order to preserve the environment as well as human and animal health, the pesticides at base of the plants constitute an alternative solution with insecticides of synthesis. This study shows that the aqueous extract of A. pyrethrum has an unquestionable action in the control of C. maculates. This work could be continued in order to find a practical use of these formulations in protection of store of leguminous in general and store chickpea in particular.
In conclusion, the aqueous extract of A. pyrethrum shows an interesting insecticide effect against the adults of C. maculatus. It reduced longevity, fecundity, fertility, success rate and increases number of non-fertile eggs of these insects especially for the high doses. This shows that a durable protection against C. maculatus is possible by using the aqueous extract of A. pyrethrum which can represent an interesting alternative solution to chemical insecticides. This might be due to the pyrethrins as what has been shown to pyrethrum of Dalmatie, by 30 , who have proven that properties insecticidal were due to the presence of two esters, that they have called pyrethrin I and pyrethrin II.
Experimental Section
The plant material used are the roots of A. pyrethrum which were collected in the fall, in the Middle Atlas of Morocco, in the area of Timahdite (120 km far from Meknes), identified at the National Center of Rabat. The seeds of C. arietinum healthy, coming from a farm in Moulay Idriss constitute the substrate spawning and development for the beetles. The animal material used are the adults of C. maculatus which were derived from a strain of mass in the laboratory of plant biology in the Science College of Meknes, at a temperature of 28°C, relative humidity between 70% and 75% and a photoperiod 12/12. The A. pyrethrum roots were cleaned by distilled water, dried and crushed. 20g of the broyat of the roots are brought to reflux in 100ml of distilled water during 1h, the extract was filtered then evaporated to dry. The output in dry weight is 10,03%. While basing itself on the output obtained, we calculate the doses (Dn), (Dn/2) and (D2n). The various doses of the aqueous extract were expressed in g10 mL-1 of distilled water. The biological tests were made in petri dishes. Each petri dish receives 50 chickpea seeds coated by the aqueous extract by dose study and 10 pairs of C. maculatus newly emerged. A control is carried out under the same conditions but without aqueous extract. For each dose, three repetitions were carried out. Various parameters were studied : longevity, fecundity, fertility, number of non-fertile eggs and success rate. After 24h, the content of each petri dish is recovered.
The longevity of the adults of C. maculatus was followed each day until the total death of the beetles. For fecundity, the eggs laid by the females in each petri dish were counted under binocular magnifying glass. After that, the emerging adults were followed daily until the total stopping of emerging and they were counted. Finally, the statistical analyses were done by Excel. For the calculation methods, fecundity is the number of eggs laid by ten females. Fertility is the percentage of eggs hatched by the total number of eggs laid and the success rate indicates the percentage of adults emerged compared to the total number of laid eggs. Then, the average, the standard deviation and the reliable interval of all these parameters were calculated by using the functions of Excel.
